The production of electricity based on the conversion of the sunlight by photocells crystalline silicon is the most way using on technological and industrial plan. As a consequence, the development of the applications of energy production requires cells with high efficiency and low cost. We propose two models using either one or two exponentials allowing to simulate the characteristic current-voltage of a solar cell. The goal of our work is to present a comparative study between the model theoretical and experimental aiming at the improvement of the solar cell efficiency. We also determine the parameters of the solar cell from the current-voltage curve. Additionally, we provide a justification for using the two exponential models for improving the cell efficiency. The model with two exponential allowing to investigate the phenomena of recombination in zone of diffusion and space charge in the areas quasi-neutrals of the transmitter and the base. This study underlines the insufficiency of the model to exponential generally used by showing that it leads to the design of the ideal solar cells whereas structures characterized by a factor of quality greater outcome with high efficiency.
INTRODUCTION
A solar cell is an electronic device that produces electricity when light falls on it. The light is absorbed and the cell produces dc voltage and/or current. The device has a positive and a negative contact between which the voltage is generated and through which the current can flow. Solar cells have no moving parts. Effectively they take light energy and convert it into electrical energy in an electrical circuit, Figure  1 . (2) This equation implicit expression for the IV characteristic according to the double exponential model for solar cells.
Or photo generated current (Iph), two diode saturation current (I01 and I02), the series resistance Rs, and the shunt resistance Rsh.
This equation implicit expression for the IV characteristic according to the double exponential model for solar cells.
A-The single exponential model (SEM):
Experimentally this model is corrected by the introduction of the factor the quality n, the characteristic courant-tension of solar cell is this described by the following equation, with I02 = 0:
B-Double exponential model (DEM):
In this model the exponential represent the current of Shockley diffusion separately I01 and the current due to the recombination I02 by center of traps in the zone of space load. The characteristic current-tension of a solar cell for this model is described by the following equation [2] : (4) Many investigations adopted to predict the impact of photovoltaic cell parameters on its performance. Lakeh et al. [3] conducted an exhaustive parametric research on a novel integrated thermoelectric-PV cell. They mathematically modeled and simulated the device, considering ambient conditions, cold side temperature, load resistance of TEG and some other important factors. Jeong et al. [4] integrated a realistic self-power circuit which is composed of a few nmthin MoTe2 FET and perovskite PV cells. Antonacci and Scognamiglio [5] aimed to describe the enormous potential raised from the combination of photosynthetic elements and nanomaterials towards the design of hybrid nanostructures, and reported the recent advances in the realisation of smart biosensors and photovoltaic cells. Grubera et al. [6] investigated the influence of unstructured chargeextraction/transport layers on solar cell photocurrent measurements. Katayama et al. [7] applied several types of failure and degradation in photovoltaic cells, such as mechanical stress, interconnect ribbon disconnection, and PID, to photovoltaic modules. Herná ndez-Callejo et al. [8] reviewed the general operation and the operation of hybrid systems, as well as the power quality. Quan et al. [9] proposed a noncontact, fast and effective defect detection method for photovoltaic cells that uses a combination of image processing and compressive sensing techniques. Alcañiz et al. [10] reported a heterojunction MoOx/Ge PV cell that effectively demonstrates the possibility of creating hole selective contacts in n-type c-Ge. Shittu et al. [11] presented the concepts of photovoltaics and thermoelectric energy conversion, research focus areas in the hybrid systems, applications of such systems, discussion of the most recent research accomplishments and recommendations for future research. Salem et al. [12] experimentally investigated the performance of a PV module cooling effect using a compound enhancement technique. Torabi et al. [13] reviewed the development of single junction perovskite solar cells with a focus on the material structure, bandgap engineering and crystallization strategies. Vargas-Estevez et al. [14] report the fabrication of a simple photovoltaic microcell array (PVMA) using a CMOS-compatible microfabrication technology. Mathews et al. [15] reported some non-technical barriers to commercialization of IPV technologies including a requirement for a greater understanding of the costs when manufacturing low volumes of small IPV modules, toxicity concerns, and the stability of materials. Shaygan et al. [16] presented the energy, exergy, advanced energy and economic analysis of hybrid system consisting of photovoltaic cells, electrolyzer and polymer electrolyte membrane fuel cell to provide a clean power to run an electrolyzer for hydrogen production. Falama et al. [17] studied the implication of impact ionization due to a high electric field on the improvement of the photovoltaic solar cell efficiency. Ansari et al. [18] undertaken a computational study on the photovoltaic performance and electrical characteristics of graphene/gallium arsenide Schottky junction solar cell with structure graphene/SiO2/GaAs/Au. Cotfas et al. [19] described and used the SDA algorithm to calculate the five important parameters of the photovoltaic cells and panels. Aguiar et al. [20] designed, synthesized, characterized and applied a series of highly fluorinated BODIPY dyes with different styryl aromatic donor groups such as phenyl, naphthyl and anthracyl as electron-donor materials in organic photovoltaic cells (OPV). Manfredi et al. [21] presented the data on the effect of peripheral functionalization of a series of triphenylamine based di-branched dyes used as sensitizers in dye-sensitized solar cells. Other studies can be found in [22, 23] .
As reported above, the production of electricity based on the conversion of the sunlight by photocells crystalline silicon is the most way using on technological and industrial plan. As a consequence, the development of the applications of energy production requires cells with high efficiency and low cost. In this paper, we propose two models using either one or two exponentials allowing to simulate the characteristic current-voltage of a solar cell. The goal of our work is to present a comparative study between the model theoretical and experimental aiming at the improvement of the solar cell efficiency; we also determine the parameters of the solar cell from the current-voltage curve. Additionally, we provide a justification for using the two exponential models for improving the cell efficiency.
The remainder of this paper is organized as follows: Section 2 reports the physical model under consideration, Section 3 presents the materials used for the experimental part, Section 4 describes the method of determining the parameter extraction, Section 5 includes a comparative study between the model theoretical and experimental aiming at the improvement of the solar cell efficiency, and Section 6 shows the conclusions, recommendations and suggestion for future study.
EXPERIMENTAL STUDY
In this study, we take measurements on a solar cell containing silicon, then we compare these results with the results theoretical of the model with one and two exponential. By exposing the photovoltaic cell to the light and by putting a load R at the boundaries of the cell (Figure 2) . We measure the current and the voltage induced by the cell according to the intensity of the light.
To follow the pattern of the characteristic voltage according to illumination, we carry out the following diagram 
MATERIAL USED
The material used for the experimental part is: 1. A simulator of universal the Prado type using a lamp with halogen giving a spectrum almost identical to the sun.
2. An optical bench on which the cell is placed allowing to vary flow. 3. A rheostat allowing to vary the intensity and the voltage of the cell. 4. A ampermeter being used to measure the current of the cell. 5. A voltmeter being used to measure the voltage of the cell. 6. A sunshine recorder of the type Sharp Solar being used to measure flow. 7. A solar silicon cell.
METHOD OF DETERMINING THE PARAMETER EXTRACTION
Different techniques have been presented to extract the parameters of the two diode model without using least mean squares fitting [2] .
When the model equation and its derivative are expressed at open circuit voltage and are short circuit, four independent equations are obtained. When normal cell parameters taken into account, these can be rewritten as in equations [1] :
We developed a software allowing the determination of the parameters I01 defined in the equation characteristic of a solar cell.
Experimental determination of I01:
For various values (N) of flow, we determine I01 by using the following relations: -For the model with exponential expression is following form [22] : -For the model with two exponential we fix the current of I02 recombination, allowing calculates it current of I01 saturation which is given by the following expression [23] : Indeed we notice that the factor of form and the efficiency increase with incidental flow. With an aim of comparing the two types of model, we simulated the characteristic of the solar cell for the value of flow f = 1000 W/m 2 and the results of our simulation are given by the following figures. 
Single exponential model
Experimental measurements are represented graphically in ( * ), according to the Figure 3 , we notice that for a factor of quality equal to the unit a high efficiency was obtained but its value is not compatible with the experimental, while n = 1,8 the theoretical curve are almost confused compared to the experimental results. The Figure 4 shows the variation of the output according to flow with current a diffusion I01 = 10 -10 A of better results were obtained but with a factor of quality higher than one. So a search for new structure must relate to the improvement of factor of quality and the diffusion current. This shows the interest to use the model with two exponential in order to being able to differentiate the two phenomena, the diffusion and the recombination in zone of space charge in the simulation of the operation of the solar cell according to the parameters of the characteristic voltage. 6 and 7 show us the impact of the parameters of the model to two exponential on the characteristic currenttension of a cell. We note that for a significant value of the current of recombination, high outputs can be obtained, we notice that the value nearest with experimental is between 10 -5 and 1.5×10 -5 A/cm 2 . We also note that for a factor of quality N given, the influence of the current of I02 recombination is dominating in front of that of current I01 the diffusion. And for a great value of the factor of quality of the diode (n=2,2), the theoretical curve is similar to the experimental with a cell with a significant current of recombination and a weak diffusion current of about 10 -10 A/cm 2 . According to the Figure 8 we deduce that for a current from recombination I02 = 10 -5 A/cm 2 , for a factor of quality higher than 2; the theoretical yields and experimental are close. This result informs us about the importance of the type and the position of the levels traps in the determination of the output h since the maximum of the current of recombination in zone of space charge arises for levels of traps located at the medium of the forbidden band (n=2).
Double exponential model

CONCLUSIONS
Our study with carried on the analysis of the two models allowing the determination of the parameters of a photovoltaic cell. The model with two exponential allowing to investigate the phenomena of recombination in zone of diffusion and space charge in the areas quasi-neutrals of the transmitter and the base.
Our experimental results were compared to the theory for the two models describing the operation of the silicon solar cell.
This study underlines the insufficiency of the model to exponential generally used by showing that it leads to the design of the ideal solar cells whereas structures characterized by a factor of quality greater outcome with high efficiency. As a perspective of this work, we plan to carry out additional experimental studies for photovoltaic modules based on polycrystalline and amorphous silicon; and to develop the model with resolution methods to determine different specific parameters of the current-voltage characteristic.
